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a. ^ £ ^(HALO) 4-§-*H Tfl ol H 7 J°l7}- 30nm-t*l i*H 

^12 i^-g; *\)^Z}7] ^^-5., £ pMOSFET^r te^l 71^, #7} aVi^l 7l 

A o V 7l ^51^ A oHl $7) *m 51^4 ^ ol 

^ejaoflsl^, a o v 7 i ^el^oiis]^ ^HB^ 1 ^, #7) TlHB*]'?!^ #3 Til 
^ a o > 7 i ^^/cefloj^^^^l #7}qSL3, <£%s\^ $7} ii/H.efl<y^oj« 

£ 3 

pMOSFET, ^fl^S^f 1 , SSR, ^l^rH, ^3^1^, °J 
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ojf, £^2<i) 2:^-^ ^s^H^M^ ^ ^ ^12: H o Vl ^ {Method for 

fabricating pMOSFET having Ultra Shallow Super -Steep-Retrograde epi-channel formed by 
Multiple channel doping} 



£ 2b^r SK>^£7> o}^(«14i( 75 As) Ett <?>3£-)# E^E 
E4<H^ E^, 

E3^a x| j ^Aloflofl 4-S ^wv^ ofls)^^ pMOSFETS] ^E #<3E, 

£ 4a vfl*l E 4g^ E 3i E*l€ pMOSFET^ *)lE ^ ^E, 

£ 5^ «14i(As)4 °J(P)°1 E^£ *fl>|E^^ E^EE^M E A ltr 

E£, 

£6^1 ^-^^ *,)2 ^AjoH 4^. 2,tiV^ oil pMOSFET^ ^E ^E, 

£7^^ *H3 ^*HH 4^- CMOSFET^ EE #<SE ( 

£8^§ ^^Al^ofl rrj-s CMOSFET^ EE #£E. 

* E^ ^E tfltr EM ^ 
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#^ 2003/5/15 



21 : aVS.xfl 7]*& 



22 : sJJB^s}-^ 



23 : € 



24 : ^JELif-# 



25a : p^fl^ 



26 : ^B^]n)# 



27 : TlMH^^ 



28 : tIMh^ 



29 : di^/^.eflol^-^-cg<M 



30 : ^sH^ 



31 : p^ d^/-E.e11<y<3<* 

- -^-^ "Jr-E^^ ^ ^ofl ^ lil, ?]}o)^o] 7 } lOOnm^l^ 

o.S, MOSFET SE^ MISFET^- ^ H^I^eHH TflojE;*}^. g TflolH^ 

&^*\}7]# TflolH^ofi ^«g-o] o] 7 ]-^ ^"BfloflAi ^^/^efl o]ofl 

(channel) 0 !^}- ^-cf. 

ol # e^a^o] s.^ tr^e ^ £ol ] i^sm, £ £E ^ £ 

°fl 3*fl H^l^E^ ^(Threshold voltage; Vt)> ^ efl o] ^- (Id ) - ^ ^ 
o) 3}-f^o.S «<2] ^igtb S^ol nfl-o ^jQ.*>cf. 



33-5 



1020020086275 #^ 2003/5/15 

<20> o]E^ « 0 >^O.S^ cl^r^^l o}^- ^( we ll) o]-2-^<yi2]. ^ o]£- 

^tr ^d&fe *ti^MHH a^l^^ ^r5M- #M^(flat 

channel), ^§tr 3°H*1 ^B^°l n fll- ^^(buried channel), £^517}- ^ 

^- 3°1 y o v 1r°-5. ^£7> ^7H>^ ElHS^eflolE (retrograde channel) 

<2i> ^#*1 ^ TflojH^ol o.2^n j7^3=, PVolssHSAflAi ^O)] *J|3|5) 

*l)\i^-3v& <Uf-(In), til^(As), °jE]^-(Sb)3f ^ ^1^^ (heavy ion 

implantation)^ ^*fl eflHSZLelH^ ^o) ^ a\^s\jl & ^ , 

<22> zieiM-, *m y d Q ]7} ^ A^-sq^r *fl\i Qo]^ d^-ui ^>7^o> £)n}, 

ol-g-^oj *fl^ Qo] 7 } 50nm <=>1 "srV^I eflBSnell °] = «* ^f^Rr^l 

7> 

<23> ols^ A^-f n>^A]7]7l 41 *H M 2. ^§ ( channe 1 doping layer ) A o Vo ll ^l^lt 

^(epitaxial layer)* ^27} *fl <£3 £ . 

<24> £ 10. ^^71^^ 4^. ofl^^ ^o] til^^l^^ £^o]cf. 

<25> £ lofl £AlsJ v}9)- ^ol ( tili^l 7l^r(ll)^Hl 7)1 olH^^"( 12)4 TlHH^ 

(13)°} ^^5]J1, 7flolEA]-2).n). (1 2) C>eflo^ tiV£*fl7m(llHl °\] *\ ^ ^ % ( 14 ) -Cf Sfl^E. 
^§^(15)^-^ ofls]^^ol ^Sjtt), ofl^fl^o} ^O^S. JL^-S. ±.^/ELZ]}°] 
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**<83 (Source/Drain expansion; SDE)(16)°1 3^ 3 a, = efloJ^^ * (16) 

«11 ii/^efl^ltl-^-^^(i6)^ ^l^-g-S^lH punch stop doping layer) ^*|-§r 

^ tfSL51*8#(HAL0 doping lyaer, 17)°1 ^^H, i^/H^Sl*^ * (16) 3* 1*3. 

7flolH^l^-(13)^ ^^Hfe i3JflolA-l(19)7> 3 ^€4. 

£ <?l*fl 51 2a ^ 51 2b4M E 3§ tr*l» *r 

£ 2a^ ^^£7> ^l^^( 3 iP)* 4-§"tb 3-f ^ £^=£4 0 dl: £ 

SSRCSuper Steep Retrograde) 5.^4°^ S^fe* ^7} flr*. ^, ofl^flv^ 3^ 
^£(Cmax)^ M^M^l ^i(Cs)^ *V°1» 30«fl <>ltf °.S *^*M7> <H3-f 

^ ofl^im^ 3 3. 3E18 atoms/cm 3 °1^L3. %^\7}7\ 4^", 

o)^\^Y 7flo]H ^°17]- 70nnrg-<?i MOSFET ±*\ Q * (short channel) 3i#-§: 

£ 3§^ (15 )^ *>7fl 4l7>o] rq^oj-ol ^^ofl ^ TflolH #7} 

S s)-<^ q-E}^ S.^o.S.>H, ^ol 30nm^" i*HH 

^ 1.0E19atoms/cm3 5L*8* ^H1*WI ^ ^tt 
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^ &^£<£o] ofl-f ^o>^]7fl sqjl, Zr^&Q °1*HH^ ¥^^i^-(Sub threshold 
leakage)7]- 3K£*fl*lfe ^1 7 > ^tb4. 



£ a}-§-*>^ ^el-SL TflolH ^o] 7 > 30nm^-<y i*HH -S-T^Kr tS^ £J § 



^, ^71 6fl3l|*flv^ <£=§=^ Aj-7] aVH^l 7l#HH JL^S ii/H^JW^, 

ZLBlJl, £ pMOSFET^ ofl^^^ ^ ^ ^>^5L# ^ £ 

^ iflofl £^H« §^3M?l*r 34°!^ #31, S. 
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^ ^a>^ # m ^ ^1, ^ #7l « #*fl ***** 

o. ol-g-^H ^-S^l^* ^#^1^ #7fl«- ^"i- ^"^-^ 

<32> ZLS^ZL, £ pMOSFET^l ^12: #5^1 ^ ^ *W ^ 

A}i £t ^ £^B« 5^«H *m H^Sf 1 * ^S#*Hr £31, #7l 

^ ^ofl ^og^ £^H»* M^Wfe #71 S^^^l 

^€ #71 *fl^ £^ ^}^#^« afl7i*H=- S^^Hl #711, #71 n«§ 

^ tr^ Aj-ofl oflS}^ ol-§-*H ^^l^* ^#Al?m #31, 

#71 ^HlSoflsq^ eg* Aj-ofl «} SflE^^ TflolH^^^ 7flolH*d 

zxo. ^*Rr ^741, #71 TllolB^^ «V£^1 7ltifli JL^H i^/H 

eTJSHHI^ *§#*Rr ^711, #71 TflolB^sl ^^oll i^oiA^ ^1, 

#*Hr X^*Kr ^SLS. *V4. 

<33> o]*}, £ 7l#£°HH ^9] ^l#-gr 7>^1 *>7> 7l#^ 

A> ^-o. ^ol*>7ll ^lt ^ Sl^ #^1*1 ^^*>7l £ ^3 7># 

< 34 > £ 3^ -a ^I^aHHI 14s. ofl ^fl ^2:^ pMOSFET* ^3 

^Holrl-. 

<35> £ 3ofl JEAl<a w}4 ^-ol, n ^ 12(23)4 n*§ ^£.^^(4)°] a J£^l 7lt 

(21)#<i 71101^^^^(27)4 7llolH^i^(28)ol ^#51^1, 71101^^^^(27) o>Hflfil 
JE*ll 7m(21)«H ^5^121^(26)4 p^B^ H^#(25a)^-S. o^o^ oH^^ol 
^#£H, ^121^^^ ^SLS. JL^-£ p*§ ^i/=-efl9j ^-#°J^(29)ol ^#SlJl, p*§ 
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<36> £ 3 4H. n ^ p*|ti 5L^(25a)£ ^ 5L«H(H^ 'O' 

5L*1B(0)^ ti]i(As + ) 5E^r °J:^^(Sb + )olZL, ^-^£7} mm £^H(«)^ ^ 
(P+)oH, ^](P + )^ *l^(As + ) HL^r <?>B|S(Sb + )iL4 -*tfl^o.S ^V^£7> t^et}. 
<37> ^o], £ t^sq pMOSFETfe SSR aflsWM- t^^M ^ SH^H?* 

s^^- *r 

<38> £ 4a vfl^l £ 4gfe S. 3<H1 SL^ pMOSFET^ A 2: 5=*1« *3 ^5L 0 14 

<39> £ 4a«ifl 5LAl£ ul-sq- ^ol, aVjE^l 7^(21)^ ^ ^r^^l STKShallow Trench 
Isolation) SL^r LOCOSOocal Oxidation of Silicon) ^tb 
AV^(22)-g- S-Sfc #51*11 7l^r(21)^l n^ 5l£B» °1£^°J*H ^ n*§ € 
(23)^ t§^}jL, n^ £^H* °l-g^r<^M n^ €(23)iL4 <S£ n^ ^H-i 

#^(24)-§- ^?H, n ^ H(23)4 n*g ^-^^(24)# ^*>7l W n«§ 
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<40> cfg-ofl, n ^ p^flHt H^(25)* *§^*}7] o}^-^^ ^t}^, ^ ^ 

(As + ) ffirr <L>E]£-(Sb + )^ ^-g-tb4. 

°H. ^#^£.7} 4^ <?l(P + )-§: °l-§-*r°1, <?](P + )£- a]^(As + ) 

<42> n*g p*M i3§* ( 25)^oil^ a-AV^ £7 ]. u.^ £^H(0)Sf SRV^£7} w}^ 

£#JE(«)^ ^-ff-s] £^H7> o]^ iE^gsH p^fl^ 51^#(25)£r *h£*fl 

71^(21)^1 l^^El 10nm~50nm^ ^lS. ^^^4. 

<43> £ 4c ofl £ a]^ a}<4 ^oj, ^^^^r ^^Hrd], 34 p*im 

-E^§#(25) ^-8: $1$ ^l-Sr^^^l^ °l£r^l-(ion bombardment )S ^M^tt &£$} 7] 
^r(21) X^sj ^ ^(crystal defects)^- SJ^l^Jl, p^M i^#(25)^ 

3H4. 

<44> 34 o]^^o.^ n tg p *fl^ £ ^^( 25 )^ ^oj,g :§H>* o^^$f£4 

-§--§• ^( 1414 °C) -£5L°\)^ ^o]^tg ( Rapid Thrmal Annealing; RTA) SEfe 

^^Ma. -g-^^^ (Spike RTA; SRTA)* 
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<45> a} 7H, ^•^'d^(SRTA)^ Al^oll -#£0^ 

^(ramping rate): 150°C/sec *l<a*l#: lsec°ll5}]-g- ^^^4. 

<46> H^aJ^Tfl, -i^^CRTA) gci=. ^sMh ^^^^( SRTA )^ .§-§.;g 

<?] 1414°CJ±tf l^lf-§- 34-a]23 <r 91^ £-51, °fl3tfl #^<H^*8£ 600°C 

~1050°CS] ^^HH ^2r°l3 ^H^^- 600r~1150°C^ *33H*1 

<47> ^ ^4 f «fl p*im S.^%(25)^r °}-&^<$& £€Bt4 

71^(21)^ ^1^^ 7fl^sin}. ^ 

, 514 ^*fl p*im £^(25H 3^t>m£LS. <£^& nD S.^^ 

(25a)^-S Msr^. 

<48> £ 4cH ^l, 34 p^ 51^(253)^1 ^€ 7}^ 

^SKK native oxide)(5LAl ^).g- ^)t]z>}7) ^*fl ^^7)o\]a] 5.^ ^-§: ^ 

°l«fl, <ri£-^7HH £3 a^S}^, ^i(H 2 )7> 7l-^^s1-^(Si02)4 #-§-*M 
H 2 0 ^^-Jgofl 7}^sKH ^sH, s^^^a] n ^ p *fl^ 51^ 

fK25a)Ml 5L#S2} ^a]-^ « 0 >^^ £51, ^mcfl 600t:~950M ^^7> Hf^^cf. 
<49> H 4e^l ^ £°1, 7>>^A]-2l-B]-ol «VE*fl 7}^-(21), t}7\}^ n 

^ P^M 51^#(25aHHl -£^3 <^«1^ ^^(Selectively Epitaxiial Growth; 
SEG)* °}-%-*}^ 5nm~30nm ^^^^|3X|#(26)# ^ A ] tf . 
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< 50 > o H , 34 <H\i*fH ^fl n*§ p*fl\i 5L^(25)°1 Wl£ n 

(26) ^ g SSR ofl3X}*flV^2:7} 

<5i> £ 4fofl 5LAl£ ^o], SSR afl^fl^S, ofl^tfl n*§ p^ H^^(25a)4 ^ 

8]*4|s|*(26).S.3. °1JM*I ^^fl^s ^ 650r~750°C^ £:5L^$HH XM£* 
<g^(27)^ ^tW. °H. 7flolH^^^(27)^ ^*Hr £5^41* M^^-S. ^ 

<52> on- ^cfl, 7flolH^^^(27)^.^ *8^3*r ^s^KLow Temperature 

Oxide; LTO) , -asl^Sh&SWSilicon oxynitr ide) , -H-Fr^ Stt ^^/aL-fr^^ 

^nKg. AV-g-^Jl, o]§ 7flolH^^^ v (27) 3^*1 «8^*rfe 
^ ^ p ^ n ^H^(25a)^ 7fl£S S SSR E<«£4 

<53> ^tfl, <£3^*1 ^ej^^^Kg, 650°C~750°C^ ^J^H ^ 

650r~750rsl -£5=41*1 ^eJMtfa^* * ^^^- v ^- 

HL^ <y-S.^o>^s^^^H 300°C~650M 
£5=4H =§^tr * 400°C~700T^H <HHi3*M <8^W-r. 3^ 300°C~650r^ 

#%3r * 600°C~800°C«1H ^ °l\i*8*M ^trt}. ^-ff^^Mr 
ol^>^ ^Jf, jl-fr^^ ^7fl*Mr ^ ^7>^oJ I^Bll- 4^*Kr 3* 
£1- 300°C~700°C^ ^ltrtr^f. 
< 54 > 7flolH^^^(27) 7fl°lm*H-8- ^ ^ 

#^-(28)* ^^W. 7flolB^q-(28)# *8^*r7l 3tr H^^Sfe 
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n<£ ^r5L 

<55> c|~g-ofl, ^-%^-p>^3.(£a] a^) 5J 7llolB^i^-(28)-a- ol^rW^HS. 

^(29)* ^^4. °H, P^ ^/=efl < a^-^^(29)l- ^*}7) £«S S 

<56> cf^-°fl, ^HB^(28)^: ^^^1 ^^M: f^tt isIM 

^1-8- € ^Wetchback)^ B #^-(28)4 ^ofl ^3)]°]*) (3o)# 

^t!:4. ^H, i*|°H(30)fe ^s^, ^44 3=fe ^444 2l^"§: <>l-8- 

1*4. 

<57> tj-^-o.^., ?^tW3 ^ 7flo]H^^-(28) ^ ;MM*K30)S o]^ojp> 

o]^Vcg^(29)oi) *l7]ajo.S ^s}^ p<8 ^/=efl<y<34(31)-g- ^<R>4. °l«fl, P^ 
i^/^.efl<y^^(31)^ p^ ii/H.ell<y^^^(29)^ oj^oj ^o] ^cf ^q-. 
<58> ^ 4g0l ] i£Al^ hI-5]- p t§ ;£i/JE=efl<y<34(31)4 p^ dh^/^eflol^^^ 

(29)vfl *I71^°J5L %^4444 4*ti o^-l: ^SRrHl, 

°]^-& p*fl<i HW(25a)4 ^4 P^f ii/H efl^l^ ^ (31)4 P^ ^/J=efl<y 
^#^(29)4 ^ £C|7} 3^4^ ^ o. ^ H o^s].- ^.£ofl^ ^«8^tJ-. 
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<59> M\^^t}7\], $k^ty 600°C~1000°C^ ^^^(RTA), 300 °C ~750M 

(furnace annealing), 600 °C ~ 1100 M isMH -g-^ ^ (SRTA) ^ ^7^1 

(29)£ 7l]o)B^^(28)^ .S-^SU, pi ii/£5ll 0 J^^ ^o]a-1(30) 

<6i> 7i)olH^i^(28) ^ pi ^/H5fl*]<3^(31) 1-^ 1°1§H ^ ^ 

1 ^ MHlrSl ^-aVo] SSR ofl^U^ -fr*W^l 

<62> 4 V #1> ^MHH, nl p^ £^§#(25a)^ ^B^Jl4» ^l^Kr 

(punch stop)^ ^-Ajofl ^a^x}. nl p^^ £^(25a)^ ^tfl 5.*$ 

pi ^^/=efl < y c §^(3i)^ ^^-a o ia.cf n P 3 in tflti- 

< 63 > £ 5^ «lJi(As)^ °1(P)°] ^fl^£^#^ S.sgS.S.^-g; £Al^ £ig 

^]^. 

<64> £ 5* #2^^ , ^^^$) ^JL ^-£(Cmax)2]- ^£(c s )^l 

*M* 50«fl lAjgrj-Jl O^O.^, jcfl^H^f^ 2|J7 1.0E19 

atoms/cm 3 *r^Sj -H^iS. l^Kn. ^, 7fl 0 lB. *H 30nm^- ii^H -S.^^^ 

ofl^fl^o} 5|j7 ^£<y i.0E19atoms/cm 3 JL^-S. *m 

Tfl 1^5>JL £14. a|7H, 1.0E19atoms/cm 3 Jl^JE^r tIHB 3 0nm ^- ^rf 
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^^fi^ (Ultra short channel) pMOSFET^I £*fl^ J: 4* 9*fl^ ^ Slxr ^ 
2) ZL^£o]ji i o]^ ^-o. ^£^#0] o^Sj-^ ^^ofl 

Til 711 o]B ^°1 30nm pMOSFET^ Jl4« ^l^t ^ OT. 

<65> ^^- ( £ 50} ^joj-ofl r^sig ( ^-a]-^£7> JE^B4 SKV#;£7> Hf-i- £^e§ 

°lf^ ^Nt^f^-I: H^s}5.B*| ^7>^o]£ TflolB zjo] 3 0nm 

^ i*HH -a-^sq^r ll^im^ SJul ^5L§ ^ ^cf. 

<66> £ 6^r ^- ^gs) ^]2^A]^oii rcf^- pMOSFET^ ^2, ^£°li}. 

<67> £ 6 6fl ^-ol ( n ^ ^(23)4 n ^ ^^-§-iH24) , ^ = ^13}- 

(22)ol tiV£^l 7l^r(21)4Hl Tfl o1e^<^^-(27)4 7lHB*l^-(28H ^^jn., Til 

o]^^(27) ofgfl^ aj-^^i 71^(21)^1 ^el^<Hl^^(26)4 n^ p^fl^ £^g^(25a)A 

ol^-^^l oil^^^ol *8^S)n}, oflsl^^^ oj^o.^ JL-^IE. p ^ ^^/c^oi^oj 
^(29)^1 ^^5lZL, p^ i^/^-^o]^-^-^^ (29)^1 &7}^°.S. Jl^-H p ^ ±_ 

i/^ell9joJ« (31) oi fg^sltf. 7flolB^i^-(28)^ ^^ofl^ ^}o]a] ( 30 )7> 

<68> £ 6^ pMOSFETfe £ 3^1 pMOSFET^ ^ , p*§ ^i/^^9j°J ^ (31) -M ^7>B 

^el^l^^ -*<^1^ <t^afloi^= p tg °J<*(32)^ ^* r JL &tf. 

<69> £ 7-8: ^- ^-^ el 7^l3^AH]ofl rtj-s. CMOSFET^l ^2: 3:£;£o]t|-. 

<?o> £ yofl n}a}. ^-ol, pMOSFET-b H 3 ^ £ 6^1 pMOSFET^- ^^^>i, nMOSFET 

^ nM0SFET7l- *}5.$) 7]:£(21)-p^ H(23a)4 P^ ^H.^#^(24a)ol <§^-^ 

^1 7flolB^°i^'(27)4 7flolB#q-(28H ^S}jl, Tflol B^9j^(27) °}$°) #5.%) 7} 
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#(21)°fl <a3M*l*(26a)* n*m H^S^(25b)^.S <>1*<H*1 4|*I«<>1 3^3 
o], ofl^fl^ oj=^_05L j7^ £ n *g ^/j=3l<^#<3«3(29aH ^^U, n*§ ii/ 
S.efl^l^-^^(29a)ofl ^HiS ^s)^ i^/H. 31<*1<3 «3 (31aH <8^3 

<7i> £ 7^ nMOSFET* p*§ ^(23a)^ p^ ^J=i^§K24a)£ ^(B)# 

p^ n*flVi 5L^(25b)-£r *i(B), BF 2 ^ *i* t^tt 
4i3^-§- ol^oj^H ^:£^7W21) S^^-S^E] 10nm~50nm 

u|, n <8 ^/-efl<y^^«^(29a)^ oL^JE n^g ii/H^l^l^ ^ (31a)* S£fe °J 

<72> n^jL, 7flolH^^^(27), 7flolB^(28), ^5flolAl(30)fe pMOSFET^ * 

^o. jg.^ ^^t*), p^ H(23a), p^ ^ = i*^(24a), P^ n*fl^ JE^(25b), n*§ 
^/^l^^-^^(29a) £ n*g ^/^sfl^l^^(31a)^ ^^^1 °1*"^ ^ 

* pMOSFET^ ^«8tb^-. 
< 73 > £ 8 ^ a ttgo] ^4^AH]ofl 143. CMOSFET^ ^2: 

<74 > £ 8-g- %2i-5\i£, pMOSFETfe £ 69] pMOSFET^ *^*|-aL, ^r, P^ 

ii/Heflo]<^^(31) ^€r°\}*\^ ^^1^ ^s^H^ p^ ii/Hell 

o] ^^02)^- ^^^j7 flt|.. zi^JL, nMOSFET^ nM0SFET7> ^€ ti Jr£^l 7l^(21)-p 
<8 €(23a)^ p*§ ^-^f-#(24a)<>l *§^-^ll 7lWB*i<?!^(27)4 Til H^(28)°l 
^SlJL, 7flolE^<g^-(27) o>efl^) tiV^^l 7l#(2lH ^3^1 &\ % (26a) 4 p^ n*fl^ 
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= ai*!3H^(29a)°l ^*U, n*§ ii/Hefl9j^^^(29a)oll ^l^ojiL g^fe 

n t§ ii/H.efl9j°J^(31a)ol 7fl°lB^(28)sl tf^Hfe 

i*M*K30)7> ^£1}. USUI, pMOSFET^ $-a\*\7\] n% ii/^ efloJ^ 3 (31a) 

<75> £ 8^1 nMOSFETl- #3S}ii^, H(23a)^ ^ = i-g-#(24a)£ -§-^(B)» 0 l^r 

^<3*H n*fl\t JE^(25b)£r *dt(B), BF 2 3L$= * 

°l£-§- ^l^^^H ^£^1 71^(21) S^CL^fBl 10nm~50nm ^^*> 
uj, n *§ 4ii/H.efl<?l^-^^(29a)4 n*8 ii/E 31^ ^ (31a)£ Xfe 9j 

-g- oi^<gsv^ ^^W- 

<76> ^sIjl, ?IMH2S*K27), 71101^^^(28), i*H<>H(30)*r pMOSFET^l- ^ 

^ jg.^ ^S^, p ^ «(23a), P^ ^Hi##(24a), p^ n*!^ JE^(25b), n*§ 
^/S.efloj^^^ ( 29a) ^ n^§ ii/H efl?J<3 <3 (31a)* *8^*>7l ^^"^ ^ 

pMOSFET^ f£S ^l^W. 

<77> £ 6 vH*l £ 8<^1 pMOSFET#^ S. 3$ pMOSFET^ ^«V>H, p^ 

1# . )7> o^^s} ^fl^ Si^olJi, sK_V ^ £7 > 5L#B(0)^ «l^(As + ) HL^r 

6 J:El^(Sb + )olai, ^^V#£7> M>-i- JE£B(#)^ °J(P + )°H, °J(P + )£ ti l^(As + ) S^r 
°>B|£-(Sb + ) ^ ^m>-3, ^>^H7} hb>sc1-. 
<78> nH*H, £ 6 ^51 £ 8^1 i*V<3] pMOSFET*S. £ 5<H1 £ 
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7l*V ^Hfe J=L A^-§- fl£ ZL Tfl^-S; ?H ^ 



<80> u\o\. ^ £ o]^ s.Jg6fl Sl^fl ^ZL ±§-5.7} 1E19 atoms/cm 3 

a^sm rfl*i ^jl^^ iai7> ioo«fl °W9i *hm 

ol (Channel depth)* 20nm o]*}^ q^* ^ 5ftte i«KUltra shallow)^ SSR <**|« 
^ o1jl ; o]6fl 7lHH 30nnrg-^ ^fl^ pMOSFET* ^1^^" 

<8i> s*V, £ RDCRandom Dopant) Jl^H ^t!r ^(Fluctuation)^: <3 

a^sf X\w lOOnm TlMB *M*] SL^-» ^*>JE1JL a^* 

lOOnrnfi] £te ^« ^ 147} 514. 

<82> JE^, £ 1^-51^ HSS^S] s.ol SSR^fl ^. -§-°l^}7fl 

*r SX^BS. lOOnrn^- ^H^l^ ^711^1 ig^l- ^ Jl^r ^a>^ ^ 

<83> se*i, ^1^21 ^-i* *im ^ ^ ■fl"! i/ 100 

7} 5U4. 
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<84> 5E*V, 2^tg SSR *m ^* -§-°l*Hl ^^SSL *)M*HJ-8r ^^°d-^> 
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^ i^gf-* ^*Rr #31; 

^. 7] ^ vflofl ^og^ tf^SM^fe S^^U #31; 

#7] *m #°ii ^3 ^^it #^-ir °i-§-*h -aei^^^-S: -s^ 

*l7lfe #31 



2] 

#7l 3m S^-S: ^#*Hr #31^7, 
*fll 5L#H» ol^^oi^ «J 

#71 afll £#BiL4 #tfl^^.S. ^-#^£7} Mft 312 n*§ 5l£B» 
*Vtt #31 

1- B^Kr ^ ^-^^-5. 3} 2.^31*1^3 ofl^q *fl^ ^ y o V ^ • 



3] 

3l2*J-ofl 55l°l^, 
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4] 

#7l S|4 #?H*r. 
e^fl^^EiSl oflsxl ^ «o Vl ^. 



[^^9- 5] 

#71 ^r^^ 600°C~1050°CS1 ^$H*1 ^M^- 

* eoor-iisor^ *fl4H *i*3*Hr a* ^ ^«^^ °^ *» 

^ $# y o v ^. 



1% 61 

#71 a^^Hl ^r, 

^ ^7H1A-1 ol-ol^# l^iLSL 5}^ slS-^H^l^fil ofl^l y o V 

•a. 
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[*3^-% 7] 

^-71 *m 5,3%%- ^Qg. £#H#* ^1; 

#7) *im 5L^# ^^av^^-s. ^71^ i^^Ej ^1; 

^71 « H^§# ^Hl ^3 oflsj^ *l-g-*H ^el^l^^-i: 

#31; 

^7} 7)}°)^^2) tf^H ^1 o^t ^*Hr #31; $ 

^-7] ^/^^SH^^H ^7l^O.S ^^5]^ -H^H ^/H.efl<y^^-i; 
<8^*Kr #31 

[^^^ 8] 

*fl7*J-«fl Si^H, 

^-7] n *g 31 \i 5^3^ ^^Rr #7)1 fe, 
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1020020086275 " 

#71 *fll n*§ H^HS.^ ^tflal^a **Hr5L7> ^12 °1£^ 



1 3^ 9] 

#71 *fll tili HLxr 9±t)£^r iWi, #71 ^12 SL^Hxr Si* 



10] 

#71 si 4 ^1^, 



11] 

*iiio%m sa^-H, 
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^. 7l ^o^^r 600°C~1050°C^ U$H*1 ^*>^, W ^°)3. ^r 0 ^ 



12] 



131 

^7} JL^H ii/H^J^ ^Hl ofls)^ °l-g-«H 



14] 
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Til tIHB^H-; 

15] 

^1114%H1 

afll S^H^h ^"71 *fll n^g S^Blc} -tftfl*} SLS. ^J^H7} w}^ ^12 
[^U" 16] 

^115^] sa^i, 
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i^r^ f>}^ 3)2.^^31*1^1 . 



17] 

#71 ^ J^§#^, 10nm~50nm^ ^1<>1 ^-8: ^i>-3- 3] 2. 33*1 ^3 . 



18] 

A oM ^el^l^^ 5nm~30nm^ -^.2.5. 3} 2^^.33*1^1 . 
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